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Thy-l Antigen-Bearing Dendritic Cells in Murine Epidermis Are 
Derived from Bone Marrow Precursors 
PAUL R. BERGSTRESSER, M .D., ROBERT E. TIGELAAR, M.D. , AND J, WAYNE STREILEIN , M ,D. 
Departm.ents of Dl'rm.alalag)'. Internal Medicine. and Cell Biology. Th e University of Texas Health Science Center at Dallas. Southwestern 
Medical School. Dallas. Texas. U.S.A. 
Thy-l antigen is expressed on a dendritic subpopula-
tion of cells in murine epidermis. Numbering between 
200 and 500/mm2 surface area in abdominal skin, they 
are distinct from the dendritic Langerhans cells (LCs) 
and melanocy tes . Since immigrant lymphoid cells as 
w-ell as constitutive ce lls in various organs have been 
demonstrated to be Thy-l +, their origin and function 
are not certain . To assess these issues, two experimental 
protocols were established. First, grafts of whole skin 
from AKR mice were placed orthotopically on (AKD2)F, 
recipients. Immigration of recipient-de rived cells into 
graft epidermis was assessed histologically by fluores-
cence microscopy employing monoclonal anti-Thy-1.2 
and anti-I -Ad antibodies. Second, bone marrow chimeras 
w-ere established in AKR recipients after lethal irra dia-
tion and reconstitution with cells from (AKD2)F, do-
nors. In the first protocol, dendritic I -A d+ LCs of donor 
origin infiltrated each graft to normal densities within 
2 w-eeks. Thy- 1.2+ cells also immigrated into the same 
g rafts, but at much slower rates. In the second protocol, 
bone marrow-derived Thy- 1.2+ cells populated normal 
skin epidermis slowly over several months, with dens i-
ties reaching 70/mm2. We conclude that some, if not all, 
Thy-l + cells in normal murine epidermis are derived 
from bone marrow precursors, that their infiltration 
rates differ substantially from those of LCs, and that 
those factors which govern immigration rates into a dult 
skin derive from the skin itself rathe r than from the 
systemic availability of their precursors. We suggest 
that the function of Thy-l + epidermal cells will the re-
fore reside among those usually ascribed to recirculating 
hematogenous cells, including the possibility that they 
may down-regulate immunizing signals that emerge 
from skin . 
In 1983, we and others r1, 2J repo rted a new dendri t ic ce ll 
that resides within murine epidermis. T he primary characte r-
istic t hat distingui shed t hi s cell from other epide rmal cell s was 
the presence of ce ll -surface Thy- 1 a nti gen, a diffe rent iat ion 
marker in mice for cell s of T -lymp hocyte li neage. These T hy-
1 antigen-bea ring (Thy-l +) ep ide rma l cells were in va riably Ia 
antigen-negat.ive, they lac ked melanin granules, and t hey as-
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Abb rev iat ions : 
EDTA: el hy le nediaillin etel mace ti c ac id 
L Cs: Lange rha ns ce ll s 
PBS: p hosphate· hutTered saline 
T hy· ] +: Thy- I a nI ige n -bea ring ce ll s 
sumed intraep idermal di st ributi ons that were quite different 
from t hose of both Langerhans cells (LCs) and mela nocytes . 
Alt hough t he most obvious ini t ia l hypothesis for t he funct ional 
identity of these ce ll s was t hat t hey might be of lymphoid 
lineage a nd should therefore have functiona l p rope rt ies s imila r 
to those of other lymphoid cells, it is well recogni zed that Thv-
1 a nt ige n a lso occurs on non lymphoid ce ll s in other orga ns m;d 
ti ssues [3- 5J. Chief amo ng the questions that a rose in t his 
rega rd was whether these new ce lls might exi st as perma nent 
(co nstitut ive) ep iderm al cells or whether they, like LCs, might 
ex hibit a capacity t.o traffic into and perhaps out of epidermis. 
If so, one could enterta in the poss ibili ty t hat they wou ld exe rt 
functiona l properties a t anatom ic sites other t han t he ep idermis 
a nd that they wou ld possess properties similar to those of ot her 
ce ll lines of hematogenous ori gin. The studi es reported in this 
work identify ep idermal Thy- l T ce ll s as havi ng a bone marrow 
origin and the capac ity t.o im migrate in to ski n, properties that 
favor t he hypothesis t hat they a re of lymphocyte lineage, 
MATERIALS AND METHODS 
Animals 
Sem ia lloge neic grafls of bone ma rrow or s kin were exc ha nged be· 
lween the a lbi no murine s t ra in AKR (Thy- l.!. I-Ak) and t he pi gment ed 
FJ hyb rid with DBA/ 2 (T h~' · 1. 2, I.Ad ). which is le rmed (Al<R x DBA/ 
2) F J o r (A KD2) F J. All m ice we re housed a nd mai nl a in ed in our own 
a nimal coloni es. 
Grafting 
Full -thickness s kin gra fl s ] Cill in diamele r we re p repa red from bodv 
wa ll s kin as desc r ibed p rev iously 161· Full -t hickn ess t ho rac ic wa ll sk i;) 
defects of s imi la r s ize were created surgica ll.v on recip ien t mi ce pr ior 
to gran ing-. Eac h gra fl was p laced over t he defect a nd covered Wi l h 
pet ro la tum -impregnated gauze, a nd t he entire thora x wrapped in a 
plaster o f pa ri s ba ndage. Th e casts were removed 10 days la te r. 
T o produce bone marrow radiatio n chimeras, AKR recipie nt s we re 
le thally irrad iated wit.h 800 rads from a HOCo sou rce a nd reconsl iluted 
24 h late r wit h .') X 107 bone marrow ce lls. G rafted a nima ls were 
maintained on tetracyc line, ac idulated wate r , and steril e lab c how. 
Tissue Procurement 
At the t ime of t issue examination , mice we re inspec ted and e<'lch 
sk in graft was identified a nd eva lua led by fou r cril er ia: a n ab rupl 
change in pi gme ntation , decreased numbers of ha ir follic les, a dec rease 
in skin 1 hi ck ness , a nd a s mall lin ea r scar t hat. encircled eac h graft. 
Mice were sac riti ced by ether anesthes ia a nd eac h graft was s haved 
widely of ha ir with a s ingle-edged razo r (Fig 1). Grai't borde rs wcre 
ma rked with a n indelible pen a nd then excised wi th t he inclus ion of a 
;j ·mm margin o f surrounding norma l sk in . To exa mine radial ion chi · 
meras. ea r and abdom ina l wa ll s kin spec imens we re excised from mice 
while a li ve under et her a nesthes ia o r a fl er sacritice. I n eac h expe rimen1. 
speci mens of ea r s kin from app ropriate mice were included 10 se rve as 
pos iti ve co ntrols for a ll immunofluorescence sta ining lec hniques. 
eel/ Identification 
Cells we re ide ntified by immunofluoresce nce microscopy in whole 
mounl S of epide rmi s as described previously 11 ,7 1. B rie fl y, epide rmis 
was separa l ed from dermis a i't e r incubal ion for 4 h ina bu ffered medium 
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FIr. 1. (A KD2)F', recipient mouse with a graft of AKR body wall 
skin in residence for 6 weeks. Graft margin is identified by a linear 
circumferenti al scar. 
conta ining 20 mM EDT A (37°C). Al'ler fi xation in cold acetone, speci-
mens of epidermis were washed extensive ly in 6.7 mM phosphate-
buffered sa line (PBS) (p H 7. 3). Each was then cut into 3 x ::l mm 
squHres and incubated ove rnight in one of fou r com mercial monoclonal 
reagents: ( I ) biotin -conjugated mo noclonal anti -ThY-1.2 (Becton-Dick-
inson Monoclonal Center, Inc., Mountain View, California) di lu ted 
1: 20 in PBS, (2) un conjugated monoclonal anti -I-Ad (Becton-Dickin -
son) diluted I :20 in PBS, (3) unco njugated monoclonal anti -Thy-1.1 
(New England Nuclear, Boston, Massac husetts) diluted to 1:200 in 
PBS, or (4) biotin -conjugat.ed anti -I-A' (Becton-Dickinson) diluted 
I :20 in PBS. After washing in 4 changes of PBS over 2 h, specimens 
were incubated for 90 min (23°C) in eit her a I :100 dilu t ion of f1uores-
ceinated avidin (Becton -Dickinson) or a 1:10 dilution of f1uoresceinated 
goat anti -mouse Ig (7S) (Meloy Laboratories, Inc. , Springfield , Vir-
ginia). After a seco nd se ries of was hes over 2 h, specimens were 
mou nted, derma l side up, on microscope slides, and covered with a 
90%/ 10% medium of glycerol/PBS and then a coverslip. Prepared 
specimens were exam ined with an Orthoplan f1u orescence microscope 
equ ipped for epi -illumination (E. Leitz, Inc., Rockleigh, New J ersey). 
To determine the surface density of fluorescent ce lls, dimensions of 
the rectangul ar photographic grid were calibrated with a micromete r 
(Ame rican Optical Co. , no. 400) . At 25x the grid encompassed a surface 
or 0.26 x 0. 17 mm, or 0.046 mm", and each cell obse rved within that 
rectangle represented 22 ce lls/mm" surface area within t he spec imen. 
At 40x each observed cell within the rectangular grid represented 56 
ce lls/ mm' . Cells we re enumerated in grafts and in normal skin by 
passing the grid in a st raight line across each specimen and counting 
eac h contiguous site. In specimens of uniform de nsity, 5 to 10 adjace nt 
sites were exami ned. In skin grafts possessing cells in irregular densi-
ties, between 20 and 50 contiguous areas were counted, usually by 
moving across the ent ire graft. Data are reported as mean ± 1 SO. 
By f1uorescc ncc microscopy the location of borders for eac h graft 
was confirmed by two independent observa tions. First, the indelible 
ink placed at graft borders in vivo cou ld be seen by raising the opt ica l 
plane of focus to the st.ratum co rneum. Second, an abrupt. transition 
from nonpi gmented to pigmented hair follicles identified the t ransit ion 
from albino AI\R grafts to pigmented (AKD2)F', rec ipient skin. 
RESULTS 
I n t he results to be desc ribed, two expe rimental approaches 
were employed . First, gra fts of whole skin we re placed ort ho-
topica lly o n a ppropriate recipients and then examined period-
ica lly to assess whether recipi ent-derived Thy-1 + cells would 
mi grate into t.he epidermis. G iven an a ffirmative answer, we 
could co nclude that Thy- l + cells were not a ll permanent. con-
stitutive epiderm a l ce ll s, but rather that t hey have t he capacity 
to migrate to that s ite durin g life. In t he second approach, 
radiation chimeras were establi shed to determine whether these 
immigrant ThY-l + ce lls arose from bone marrow precursors. 
Vol. 83, No.2 
Studies with Grafis of Body Wall Skin 
[n the fir st expe rime nt, gra fts o f body wa ll s kin fro m AKR 
donors (Thy- l.l; J _Ak) were p laced bi late ra lly on eac h of four 
(AKD2)F , recipients (Thy-1.2/ 1.1 ; I-A' / I-Ad). At 11 , 1:1, 19, 
a nd 31 days a fte r graft in g, eac h rec ipie nt was sac rificed a nd 
t he epide rmi s of both gra fts was examined fo r Thy-l+ a nd I-
A + ce ll s . E leven days a fte r gra ft ing, I_Ad+ dendritic LCs we re 
obse rved in large po rti ons of t he grafts. These LCs, which could 
on ly be o f rec ipie nt ori gin, ex hibi ted norm a l distributions . They 
a lso ex hibited a de ndri t ic mo rph ology t ha t was indistingui s h -
ab le from t hat of LCs in co ntrol epidermis taken from t he 
norm a l ea r o f t he sa me (AKD2)F , rec ipien t. Also at 11 days, 1-
Ak+ dendri t. ic LCs were obse rved in s imil a r numbers a nd dis-
tr ibutions t.hroughout most o f t.he examined graft. ep ide rmis. 
S ince the I-Ak ha plot.ype occurs on both don or a nd recipient 
LCs, the stra in of origin could not be spec ified , but t.heir 
prese nce in numbers s imil a r to t hose see n fo r I-Ad+ cell s sug-
gested t ha t t he majority of graft- borne LCs had a lready been 
replaced by rec ipie n t LCs. 
J n contrast with this rapid turnover of LCs, t here was no 
evidence of Thy- 1.2+ ce ll s in t.he examined po rt. io ns of t.he 11-
day AKR graft . Control obse rvations on no rmal ea r epide rmis 
from the (AKD 2)F, rec ipi e nt demonstrated Thy-I. 2+, I_Ad+, 
a nd I-Ak + epiderm al cell s in t he expected de nsit ies. W e co n-
cluded that. by 11 days after graftin g, rec ipient-derived LCs ha d 
almost completely replaced resident LCs, whereas no ce lls 
bearing detect.able Thy- 1. 2 a n t ige n had mi grated into t he epi-
dermi s. 
Grafts of AKR skin we re then examined a fter 13 a nd 19 days 
in residence on (AKD2)F, recipie n ts. All four grafts were s im -
il a r . Dendri t ic LCs of rec ipient origin we re obse rved in no rma l 
distribu t ions throughout most of each epidermal spec imen , 
whil e Thy- 1.2' cells were abse nt. Cells we re observed occas ion -
a lly to ex hibit t.his dete rminant, identifying t hem to be o f 
rec ipie nt origin , but t.h ese ce ll s were not de ndritic a nd t he ir 
infrequency wa rranted hesitation in stating that t hey were t he 
same cells seen in normal skin. 
On day 31, Thy- 1.2+ ce ll s were seen unequivocally for the 
first t ime within t he epide rmis of the exam ined graft, a nd t hey 
ex hibited dis tribution patte rn s s imilar to t hose observed in a ll 
subsequent expe rime nts. These immigrant cells adopted den-
dritic , a ngular, a nd round co nfigurations, a nd t hey occurred in 
low de nsit ies t hrou ghout t he graft. At eac h graft margin t here 
was an abrupt increase to norma l densities, identifyin g the 
transition t.o host ep ide rmis (Fig 2A). Thy-I.2+ cells were 
enumerated in a s in gle pat h across one entire graft. In 42 
co ntiguous fi e lds, a mea n of 46 ± 41 ce ll s/mm~ was observed, 
contras t in g wi th a de nsity of 400 cells/mm~ in t he a djacen t 
(AKD2) F , body wa ll skin . We concluded from this ini t ia l 
observation that Thy-1 + dendritic cells do have t.he capacity to 
migrate into t he epidermis of se miallogeneic s kin grafts, but at 
rates that a re fa r s lower than those observed for LCs [4,7 ]. 
An additional obse rvatio n a ltered the design of subsequen t 
experiments. Gra fts we re also examined at each time point for 
t he prese nce o f Thy-I.1 + epide rmal ce lls. Surp ris ingly , m ost 
gra fts we re virtually devoid of t hese cells o f donor skin ori gin, 
a lt hough occasiona l grafts did possess some cell s in no rmal 
distributions. Moreover, t he rate at which Thy-I.l + repopulated 
eac h graft was s imil a r to t hat of Thy- 1.2+ cells, obvious ly 
refl ecting the fact that both phenotypes occur on the cells of 
recipi ent origin. Since t he slow rate of cell migrat ion into 
to lerated gra fts might reflect. a requirem ent for genetic iden t it y 
between graft a nd recipient, t his obse rvation that grafts lose 
the m ajority of res iden t Thy-l + cell s offered an opportun ity to 
assess the migration of cells into genetically identical grafts. 
In the seco nd expe riment, grafts of body wall skin were placed 
on two pa nels of (AKD 2)F, recipients (Table I) . Mice in panel 
A rece ived AKR skin bilaterally. Fourtee n days later t he left 
thoracic wa ll of each recipi ent, including gra ft and surrounding 
skin , was razor-shaved a nd then stripped to glist enin g with 
cellop ha ne tape to remove t he stratum corneum. It was rea-
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F I G 2. Whole mounts of epidermis taken from graft margins of 
(A KD2)F, recipients. Arrow indicates boundary between recipient ep-
idermis (left) and donor ep idermis (right). A, Numerous T hy- l. 2+ ce lls 
in (AKD2)F, recipient epidermis (left) contrast sharply with the pauc-
ity of such cells of recipient origin in AKR graft epidermis (right). B, 
Nu merous Thy-l.l+ cells in (AKD2)F , recipient epidermis (left) con-
trast with the loss of such cells from (AKD2)F, syngeneic graft epider-
mis (right). 
soned t hat in a manner analogous to what was observed previ-
ously for LCs [8], Thy-1 + cells might immigrate more rapidly 
into epidermis undergoing accelerated maturation and prolif-
eration. Mice in panel B also received 2 grafts, one each from 
AKR and (AKD2)F, donors. The syngeneic (AKD2)F, grafts 
were included to confirm that the grafting procedure itself 
caused the substant ial loss of resident Thy-1 + cells and to 
determine whether genetic factors would modulate the migra-
tion of Thy-1 + cells in to epidermis. Pairs of mice from both 
panels were examined 6, 8, 13, and 17 weeks after grafting for 
the presence of Thy-1 + and I -A + cells. 
Six weeks after grafting and 4 weeks after tape stripping, the 
3 AKR grafts that were examined demonstrated I_Ad+ cells of 
recipient origin in distributions t hat were identical to the 
resident LCs in adjacent recipient skin (Fig 3A). In fact, one 
could not distinguish graft margins without the aid of the 
transit ion from nonpigmented graft skin to pigmented recipient 
skin or the aid of the indelible ink t hat identified graft margins. 
Also at 6 weeks, portions of the 3 AKR grafts were examined 
for recipient-derived Thy-1.2+ cells. In contrast with the com-
plete replacement by I_AM Les, Thy-I.2+ cells occurred on ly 
infrequent ly and in scattered distribut ions in each AKR graft. 
Moreover, cellophane tape-stripped and unstripped grafts were 
indistinguishable. In the tape -stripped graft approximately 100 
Thy-1.2+ cells were seen, most of which were round or angular, 
giving a surface density of approx imately 1 cell/ mm 2• These 
cells occurred randomly across the specimen and gave no evi-
dence of migration from lateral graft margins; instead, a sharp 
transition to normal skin was maintained. In the contralateral 
unstripped graft, Thy-1.2+ cells occurred with a similar density, 
although in one central region, representing approximately 20% 
of t he graft, densities of Thy-1.2+ cells resembled those of 
normal skin . This region was so atyp ical that it may have 
represented a technical a rtifact, perhaps where the graft bed 
had been incompletely excised. These observations confirmed 
that Thy-l + ce lls have t he capacity to migrate into the grafts, 
presumably by vascular routes and not by contiguous spread 
from adjacent normal sk in . Moreover, stratum corneum re-
moval by cellophane tape did not appear to modulate this 
process. 
The second (AKD2)F, mouse examined at 6 weeks also bore 
a graft of (AKD2)F, skin. In t his syngeneic graft, Thy-I.2+ and 
Thy-I.l + cells were also seen only rarely and in patterns that 
could not be distinguished from those seen in the AKR grafts 
(Fig 2B). These observations confirmed the special susceptibil -
ity of resident Thy-l + cells to the grafting process, and at the 
same time they demonstrated that the slow migration of recip -
TABLE 1. Recipien.t sites and strain. of origin for skin grafts placed on 
bilateral thoracic wall defects of (AKD2)F, mice 
Numbe r of Recipient. s iles and donor strains Panel 
recipients Right Left. 
A 7 AKR" AKR 
B 7 AKR (AKD2)F/' 
"Grafts placed on the left thoracic wall of panel A mice were stripped 
to glistening with cellophane tape 4 weeks afte r grafting. 
/, Two grafts of (AKD2)F, skin ex hibited early technical failure at 
t he time of cast removal. No other grafts exhibited de layed fa ilure or 
other evidence of rejection. 
FIG 3. Whole mounts of epidermis taken from the central portions 
of AKR skin grafts in res idence on (AKD2)F, rec ipients . A, At 6 weeks, 
I -A d + dendri t ic Langerhans cells of recipient origin are found in normal 
densities. B, After 17 weeks, dendritic T hy- 1.2+ ce lls of recipient origin 
may be found , but in reduced densities (see text). 
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ient-derived Thy-1.2+ cells into semiallogeneic grafts could not 
be attributed to genetic disparity. 
Since it was obvious that Ia+ LCs of recipient origin com-
pletely repopulated all grafts well before 6 we.eks, subseque:,t 
studies did not include this assessment. After 8 weeks In 
residence, one unstripped AKR graft was examined in toto for 
Thy-1.2+ cells. At this time they could be found througho~t the 
graft in densities and distributions sufficien~ to c?unt reltably. 
Thirty-seven consecutive fields were exammed In one graft, 
from which an average surface density of 50 ± 75 cells/mm" 
was calculated. Not only was the transition from graft to normal 
recipient skin still abrupt, but highest densities were found at 
the center of the graft. 
At week 13, a tape-stripped AKR graft was examined in toto 
for Thy-1.2+ cells. At the graft edge the surface density dropped 
from 400 to 40 cells/mm2 . The mean density across the graft 
in 55 fields was 35 ± 55 cells/mm2 , approximately 10% of 
normal. At week 17, stripped and unstripped AKR grafts were 
stained in toto for Thy-1.2+ cells. Morphologically, these grafts 
were indistinguishable, and in both there was an abrupt tran-
sit ion at the graft margin. Surface densities were 70 ± 50 and 
40 ± 55 cells/mm2 in each graft (Fig 38) . 
Radiation Chimeras 
Chimeric AKR mice were established by irradiation and 
reconstitution with 50 x 10" bone marrow cells from (AKD2)F, 
donors. At 3 weeks and then at 4 weeks after reconstitution, 
Thy-1.2+ cells (donor origin) could not be found in abdominal 
wall or ear epidermis (Table 1I). 
Ten weeks after reconstitution, Thy-1.2+ cells were observed 
in ear and abdominal wall epidermal specimens for the first 
time. In two epidermal specimens from whole ears, Thy-1.2+ 
cells were seen in widely distributed patterns. ]n one, 22 of 24 
observed cells were dendritic, and in the other, 3 of 4 ce lls had 
this configuration. Approximate surface densities were 1.5 
cells/mm2. Fifteen weeks after grafting, one specimen exhibited 
31 ce lls (26 dendritic), giving a surface density of 2 cells/mm2 . 
The other examined specimen had significantly more ce ll s, 
giving a surface density in 21 contiguous fields of 16 ± 19 cells/ 
mm" (Fig 48). Moreover, Thy-1.2+ cells were by then observed 
in abdominal wall skin, although enumeration in the abdominal 
wall sites was made difficult by high background fluorescence . 
A separate specimen of ear epidermis was examined at this 
time for I-Ad+ ce lls. These cells were seen easily and with a 
density of 1300 ± 120 cells/mm2 in 5 consecutive fields, con-
firming that successfu l hematopoietic chimerism had been es-
tablished (Fig 4A ). 
Twenty-three weeks after grafting, examination of t he epi-
dermis from abdominal wall and ear sites again demonstrated 
unequivocal chimerism for both Thy-l + and Ia+ cells. Thy-1.2+ 
ce lls were most easily seen in ear skin with a surface density of 
45 ± 30 cells/mm" in 19 contiguous sites. All these cells were 
dendritic. 
DISCUSSION 
Using full-thickness grafts of murine skin we have observed 
that ThY-1 + cells of host hematogenous origin have the capacity 
TABLE n. Appearance of Thy- J .2+ celL~ in epidermal specimens from 
ear and abdominal wall skin in lethall'y irradiated AKR mice 
reconstituted with bone marrow cells from (AKD2)F, donors 












15 ± 20 








" High background fluorescence limited counting. 
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F IG 4. Whole mounts of epidermis taken from the ear skin of AKR 
mice t hat were lethally irradiated and reconstituted wit h bone marrow 
cells from (AKD2)F, donors. A, At 15 weeks, I-A"+ dendritic Langer-
ha ns cells of donor bone mar row origin are found in normal densities . 
B, At 15 weeks, dendritic Thy-1.2+ cells, also of bone marrow origin, 
may be found, but in densities lower than those of normal skm. 
to infiltrate the graft epidermis. These immigrant cells exhibit 
dendritic, angular, or round configurations, and they assume 
the same distribution pattern characteristic of the resident 
Thy-l + cells found in normal murine skin. All skin grafts, even 
those which remained in residence for up to 17 weeks, main-
tained sharp boundaries with the adjacent host skin. This 
boundary, which was marked by a striking increase in the 
surface density of Thy-1.2+ cells occurring with the transition 
to host skin, suggests strongly that the immigration of Thy-l + 
cells proceeds through a reestablished graft bed vasculature 
rather than by lateral spread from graft margins. 
Infiltration of skin graft epidermis by Thy-1 + cells proceeded 
at rates that were substantially slower than those observed for 
]a+ Les in the same experiments. Eleven days after graft 
placement, Ia+ cells of host origin had populated gr~fts at 
densities equal to that observed in adjacent normal skll1. By 
contrast, only by 4 weeks had a few Thy-1.2+ cells of host ?rigin 
infiltrated some grafts, and even by 17 weeks the highest 
observed densities were only 10- 20% of those observed in the 
adjacent normal host skin. 
A completely unanticipated observation made in these stud-
ies led us to concbde that this slow pace of immigration of 
Thy-1 + cells into epidermis could not be attributed to histoin-
compatibility. It was observed that resident Thy-l + cells usually 
fai led to survive the grafting process, regardless of whether 
the grafts were from semiallogeneic (AKR) or syngeneic 
(AKD2)F, donors . It was therefore possible to assess the reap-
pearance of cells even in the genetically identical grafts . We 
observed that this process of immigration into syngeneic grafts 
occurred at the same slow pace that characterized the immigra-
tion of Thy-l + into semiallogeneic AKR grafts. 
In the second series of experiments employing bone marrow 
ch imeras it was observed that Thy-l + cells of bone marrow 
origin have the capacity to infiltrate the epidermis. Moreover, 
the pace of immigration of these Thy-1 + bone marrow-derived 
cells was considerably slower than the rate of repopulation by 
1a+ LCs and resembled the tempo observed for grafts of whole 
skin. Furthermore, the rate of immigration of Thy-l + cells into 
skin grafts was unaffected by stratum corneum removal with 
cellophane tape prior to grafting, indicating once again the 
substantial biologic difference between these cells and Les. 
The first questions that arose with the identification of Thy-
1 + epidermal cells was whether they represented a nonmotile 
structural cell , perhaps of neuronal or fibroblast origin [3-5J, 
or whether they might be of bone marrow origin. This latter 
possibility has been suggested by t he presence on these cells of 
the Ly-5 surface antigen whose expression appears to be re-
stricted to hematopoietic cells [2). Our current observations 
now permit us to formulate several important conclusions in 
this regard. Unequivoca lly, some (if not all) Thy-l+ epidermal 
cells are of bone marrow origin, and they clearly exhibit a 
capacity to immigrate into epidermis. 
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We can a lso conclude that Thy-l + epidermal cells differ 
significant ly in the.ir biol?gic attributes from the ~orphologi­
cally similar LCs wIth whIch they share a common mtraeplder-
mal residence and bone marrow derivation. Primarily, t he 
in filtration of Thy-I + cells into adult epidermis occurs at rates 
that a re substant ia lly slower than those of LCs, demonstrating 
not only their distinctiveness, but also quite clearly that the 
signals which govern t he entry of these two cell types into the 
epidermis must be distinct. Taking this issue one step further, 
we have observed t hat this slow rate of immigration into 
epidermis occurs in both syngeneic and semiallogeneic skin 
grafts and in the sk in of bone marrow chimeras. These obser-
vations suggest that the critical factor or signal that governs 
their migration rate derives from the skin and is largely inde-
pendent of the systemic availabili ty of their precursors. The 
fai lure of stratum corneum removal by cellophane tape to alter 
the rate of migration of Thy-1 + cells indicates that neit her the 
state of keratinocyte proliferation nor t he integrity of the 
stratum corneum itself are relevant factors. 
The fai lure of most resident Thy-I + epidermal cells to survive 
grafting may expla in observations made by Boyse and collab-
orators in the ir original experiments with Thy-1 antigen 
[9,10]. In an ea rly study,pafts of (A x AKR)F I skin .rout inely 
immunized A stram recIpIent mIce to produce ant l-Thy-1.1 
antibody, even though many mice fa iled to reject their immu-
nizing grafts [9]. Moreover, mice in a related study exhibi ted 
discordance in graft rejection; i.e., one Thy-I-disparate graft 
was rejected while an identical one survived [10]. In retrospect, 
t hese observations indicate that condi tions within each graft 
modify its recognition and suggest t hat the relevant variable is 
the survival of Thy-1 + targets . 
A second question that emerged at the t ime that Thy-1 + 
epidermal cells were first identified concerned their ultimate 
biologic funct ion. Inasmuch as some and perhaps all Thy-1 + 
epidermal cells are of bone marrow derivation, it is poss ible to 
predict that they will share biologic functions normally attrib-
uted to other cell lines of bone marrow origin. Even if this 
assumption is made, t he range of functional properties they 
migh t exp ress is still distressingly wide. The possibilities in-
clud e (1) a special subset of thymus-derived lymphocytes [l1J , 
(2) natural killer cell s [12], and (3) prethymocytes that wander 
into the epidermis rather than into the thymic cortex. Experi-
men tal maneuvers designed to produce epidermal cell suspen-
s ions highly enriched for Thy-1 + cells should go a long way 
toward discriminating among these possibilities. Yet t here is 
nO guarantee that all Thy-1 + cells in the epidermis represent a 
unitary population. Our own studies reveal striking morpho-
logic differences among Thy-1 + cells in the epidermis and 
document differing patterns and tempos of epidermal infiltra-
tion by Thy-1 + after graft ing and in radiation chimeras. More-
over, Chambers et al are confident that at least some of the 
Thy-1 + cells that grow in tissue cul ture after t rypsinization of 
murine epidermis are keratinocytes [13J. 
A lead as to the functional identi ty of Thy-l + cells may come, 
however, from a different perspective. Sullivan et al have 
recen tly demonstrated that murine ep idermal cells greatly en-
riched for Langerhans cells, haptenated with TNP, and inocu-
lated intravenously deliver an obligatory immunogenic signal 
t hat induces vigorous contact hypersensitivity [14]. Cohort 
populations depleted of Langerhans cells and presumably con-
taining Thy-1 + cells, when similarly haptenated and injected 
intravenously, induce profound down-regulation of the contact 
hypersensitivity response. These results suggest that a potent 
source of down-regulating signal may exist within normal epi-
dermis. Recent ly, Granstein, Lowy, and Greene have identified 
functionally such a cell in murine epidermis that has been 
exposed to ultraviolet radiation [15J. We would propose that 
this epidermal ce ll, which is resistant to ultraviolet radiation 
and which, when haptenated, results in t he activation of sup-
pressor networks, is the ThY-1 + cell of bone marrow origin we 
have described in this communication. 
We acknowledge the expert technical assistance of Ms. Dolores 
Juarez a nd Ms. Janet Eva ns and the enthusiastic adm inistrative as-
sista nce of Mrs. Betty Janes. 
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